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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: Data on the clinical features of children with central diabetes insipidus
(CDI) are lacking in Taiwan. This study investigated the clinical manifestations and etiology of
CDI in Taiwanese children.
Methods: From 1983 to 2012, 62 children with permanent diabetes insipidus were enrolled in
the study. They were diagnosed at the Department of Pediatrics of National Taiwan University
Hospital. Their medical records were thoroughly reviewed and their clinical symptoms and
signs, laboratory data, and etiologies were analyzed.
Results: The patients’ median age at diagnosis was 10 years and the median interval between
initial manifestations and diagnosis was 0.5 years. The most common symptoms and signs were
polyuria, polydipsia, nocturia, and growth retardation. Most patients had low urine osmolality
and elevated plasma osmolality on diagnosis. Absence of a posterior pituitary hyperintense
signal and thickening of the pituitary stalk were common findings on magnetic resonance im-
aging. Approximately 80% of the patients had anterior pituitary hormone deficiency and all pa-
tients had growth hormone deficiency. Approximately 60% of patients had intracranial lesions,
the most common causes of which were germ cell tumor and Langerhans cell histiocytosis. Twoof Pediatrics, National Taiwan University Hospital, Number 7, Chung-Shan South Road, Taipei 10002,
u.tw (W.-Y. Tsai).
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CDI in Taiwanese children 617patients were initially believed to have idiopathic CDI but intracranial lesions were detected
during the follow-up period.
Conclusion: Because a delayed diagnosis of CDI is common in Taiwanese children, a high index
of suspicion is important. The underlying etiology of CDI in children may not initially be
obvious. Long-term surveillance is therefore necessary, especially for the early detection of
evolving treatable intracranial lesions.
Copyright ª 2013, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Central diabetes insipidus (CDI) is a rare disorder in chil-
dren. It is characterized by polyuria and polydipsia because
of a deficiency of arginine vasopressin (AVP).1 It may also
signify serious underlying diseases such as germinoma,
craniopharyngioma, Langerhans cell histiocytosis, central
nervous system infection, congenital malformation, and
inflammatory diseases. Fewer than one-half of patients
have been considered idiopathic in most series.2e5 Studies
on CDI in children are rarely reported in Taiwan. This study
was conducted to elucidate the clinical characteristics of
CDI in Taiwanese children.
Methods
From 1983 to 2012, 62 children were enrolled in the study.
They were diagnosed with CDI at the Department of Pedi-
atrics of National Taiwan University Hospital. Their medical
records were thoroughly reviewed. The diagnosis of CDI
was based on the clinical findings of polyuria, polydipsia,
hypernatremia, and a urine specific gravity less than 1.005.
Nine patients were too sick to undergo any invasive tests.
Therefore, only 53 patients underwent the standard water
deprivation test. In brief, they voided at 12 midnight but
their urinewas discarded. Thereafter, theywere not allowed
anything per os until the completion of the test. All urine
voided between 12:00 AM and 7:00 AM was collected to obtain
the total urine output. Venous bloodwas extracted at 7:00 AM
for the measurement of osmolality and the electrolyte
levels. Between 7:00 AM and 14:00 PM, urine was collected
hourly for the calculation of urine amount, specific gravity,
and osmolality. Venous blood was obtained again at 14:00 PM
for the measurement of serum osmolality and electrolytes.
At the time of their CDI diagnosis, 32 patients had no
known cause. Therefore, the pitressin test was performed
at the end of the water deprivation test. The patients were
allowed to have lunch with some water. They were then
administered 5U pitressin (United Biomedical, Inc, Hsinchu,
Taiwan) intramuscularly to evaluate their response. Urine
was collected once every 30 minutes to estimate the urine
amount, specific gravity, and osmolality. All patients were
eventually diagnosed as having permanent CDI and all had
good response to treatment with desmopressin acetate
(i.e., 1-desamino-8-D-arginine-vasopressin), which was
administered orally or intranasally.
After confirming the diagnosis of CDI, all patients un-
derwent sellar magnetic resonance imaging (MRI) with
gadolinium enhancement. All patients, except for three
neonates, also had their anterior pituitary functionevaluated, based on protocols previously reported.6e8 With
the exception of three patients with an intracranial tumor
who refused permission for a biopsy, the other 23 patients
and all patients with histiocytosis had a tissue-proved
diagnosis. Patients without any identifiable cause were
given a working diagnosis of idiopathic CDI.
All statistical analyses were performed by using SPSS
software, version 18.0 (SPSS Inc., Chicago, IL, USA). Data
were compared by using the paired t test. Statistical sig-
nificance was set at p < 0.05.
Results
There were 62 children (34 boys and 28 girls) enrolled in
this study. They were followed up at our pediatric endo-
crine clinic for 7.6  6.0 years. Their median age at disease
onset was 7.8 years (range, 0.1e17.3 years) and their me-
dian age at diagnosis was 10 years (range, 0.3e17.4 years).
The median interval between the initial manifestation and
the diagnosis was 0.5 years (range, 0.1e11.3 years). The
most common symptoms and signs of CDI were polyuria
(94%), polydipsia (66%), and nocturia (56%). Twenty-six
(42%) patients had growth retardation and 14 (23%) pa-
tients had a short stature as the initial manifestation. Other
initial manifestations included headache (27%), nausea/
vomiting (27%), visual disturbance (26%), hypernatremia
(26%), and fever of unknown origin (10%).
The urine output of the 60 patients was 120 72 cc/kg per
day, including 52 (87%) patients who had urine output greater
than 50 cc/kg per day. Their initial urine osmolality was
180  174 mOsm/kg; serum osmolality, 306  15 mOsm/kg;
and urine-to-serum osmolality ratio, 0.56 0.54. After water
deprivation, the urine osmolality became 282  191 mOsm/
kg; serum osmolality, 312 16 mOsm/kg; and urine-to-serum
osmolality ratio, 0.87  0.58. These were significantly higher
than the baseline levels (Table 1). The maximum urine
osmolality of the 32 patients who had the pitressin test was
617  150 mOsm/kg with a mean increment of 200% (range,
21e730%) in urine osmolality after pitressin stimulation.
Thirty-one patients had an increase of more than 50% after
pitressin stimulation.
In 59 patients, the posterior pituitary hyperintense
signal was absent on T1-weighted MRI. In the remaining
three patients, two patients with holoprosencephaly and
CDI had a normal posterior pituitary hyperintense signal on
sagittal T1-weighted MRI and one patient had a faint pos-
terior pituitary hyperintense signal at the hypothalamus. A
thickened pituitary stalk2,9 was detected in nine patients
with Langerhans cell histiocytosis and in seven patients
with a germ cell tumor (Figure 1).
Table 1 Change in blood and urine chemistry during the water deprivation test.
Urine Serum Urine/serum
osmolality ratioSpecific gravity Osmolality
(mOsm/kg)
Na (mmol/L) K (mmol/L) Osmolality
(mOsm/kg)
Baseline e
(1.000e1.026)a
180  174
(50e877)
151  7
(140e167)
4.3  0.4
(3.1e5.5)
306  15
(275e342)
0.56  0.54
(0.17e2.65)
End of study e
(1.001e1.028)
282  191
(78e888)
155  7
(144e177)
4.1  0.4
(3.3e5.3)
312  16
(279e363)
0.87  0.58
(0.24e2.91)
a The numbers in parentheses denote the range of data.
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patients (Table 2) and 48 (81%) of these patients had
anterior pituitary dysfunction such as panhypopituitarism
in 18 (31%) patients, multiple pituitary hormone defi-
ciency in 14 (24%) patients, and isolated growth hor-
mone deficiency in 16 (27%) patients. The most common
finding among the patients was growth hormone
deficiency.
Approximately 60% of patients with CDI had intracranial
lesions (Table 3). The most common causes were germ cell
tumors and Langerhans cell histiocytosis. Fourteen pa-
tients developed CDI after an operation for a suprasellar
tumor, whereas five patients had no detectable
hypothalamic-pituitary lesion during the 5.1  2.7 years of
follow-up; these five patients were considered idiopathic.
A nine-year-old girl with Langerhans cell histiocytosis and
CDI had an absent posterior pituitary hyperintense signal
on MRI as her only detectable finding at the time of
diagnosis. She was considered as having a case of idio-
pathic CDI. Nine months later, however, a 0.7  0.6 cm
tumor was eventually detected on the pituitary stalk
during a follow-up MRI study. Another 13-year-old boy was
initially believed to have idiopathic CDI with growth hor-
mone deficiency. Two years later, however, a pituitary
tumor that proved to be a germ cell tumor was detected
on a follow-up MRI study.Figure 1 Sagittal T1-weighted magnetic resonance imaging (MR
central diabetes insipidus. (A) The normal posterior pituitary hyper
visible after gadolinium enhancement.Discussion
Central diabetes insipidus occurs in patients with decreased
secretion of arginine vasopressin. The most common causes
are the destruction of or degeneration of neurons that
originate in the supraoptic and paraventricular nuclei of the
hypothalamus.1 The age at the initial clinical manifesta-
tions in this study varied over a wide range, which is in part
related to the underlying etiology. The interval between
onset and diagnosis also varied widely. However, approxi-
mately one-half of patients in this study had symptoms and
signs for more than six months before a diagnosis. This
phenomenon has been reported in the medical literature.10
Failure to recognize the significance of initial manifesta-
tions of CDI may partly account for the delayed diagnosis.
In this study, the most common initial manifestation of
children with CDI was polyuria. A urine output of more than
50 cc/kg per day was confirmed in 77% of the children.11
This finding is consistent with previous reports.10 Howev-
er, only 66% of the patients in the study had polydipsia.
Except for the three neonates who were unable to self-
administer water when thirsty, all other patients without
polydipsia had a suprasellar tumor. Destruction of the thirst
mechanism by a tumor results in hypodipsia in these pa-
tients and partially explains the discrepancy. Growth
retardation is also a common symptom, aside from polyuriaI) of the brain of a boy with Langerhans cell histiocytosis and
intense signal is absent. (B) Thickened pituitary stalk (arrow) is
Table 2 Anterior pituitary function in central diabetes
insipidus.
Anterior pituitary function No. of
patients
Panhypopituitarism 18
Multiple pituitary hormone deficiency 14
GH þ ACTH þ gonadotropin 5
GH þ ACTH þ TSH 2
GH þ ACTH 2
GH þ TSH 1
GH þ gonadotropin 4
Isolated GH deficiency 16
Normal pituitary function 11
Total 59
ACTHZ adrenocorticotropic hormone; GHZ growth hormone;
TSH Z thyroid stimulating hormone.
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because of intracranial lesions. Growth retardation
reportedly is not associated with any specific etiology,2,10
but it is an important clue regarding the presence of
intracranial lesions. This has also been mentioned in other
studies.12,13
Most patients in this study had low urine osmolality,
despite having elevated plasma osmolality at baseline, and
having a significant increase in urine and serum osmolality
after water deprivation. These findings are all consistent
with findings in a previous report.14 However, unlike the
previous report’s conclusion,14 the present study found that
approximately 10% of the patients had a urine osmolality
above 450 mOsm/kg and a urine-to-serum osmolality ratio
greater than 1.5 after water deprivation. The data in this
paper also demonstrate a remarkable increase in urineTable 3 Etiology of central diabetes insipidus.
Etiology No. of
patients
Congenital malformation 3
Holoprosencephaly 2
Ectopic posterior pituitary 1
Intracranial tumor 26
Germ cell tumor 20
Lymphoma 1
Craniopharyngioma 1
Pituitary adenoma 1
Unknown nature 3
Langerhans cell histiocytosis 12
Postoperation 14
Infection 2
Tuberculous meningitis 1
Group B streptococcal meningitis 1
Idiopathic 5
Total 62osmolality after pitressin stimulation, which is comparable
to the findings in another previous report.15
The presence of a posterior pituitary hyperintense signal
on MRI reflects the functional integrity of the posterior pi-
tuitary gland, although this finding is not specific. The
absence of this signal is reportedly a cardinal feature in the
diagnosis of CDI.2,16 The present study confirms this since
59 out of 62 patients had an absent signal on MRI. Thick-
ening of the pituitary stalk was another common finding on
the MRI in this study. All patients had either a germ cell
tumor or Langerhans cell histiocytosis. Because it is difficult
to tell the nature of the thickened pituitary stalk based on
imaging findings alone, a biopsy of the lesion, if possible, is
indicated for a definitive diagnosis and further treatment
planning.17,18
Approximately 80% of the patients in this study had
anterior pituitary hormone deficiency and all had confirmed
growth hormone deficiency. The data in this study
confirmed that anterior pituitary hormone deficiencyd
primarily growth hormone deficiencydis a common finding
in children with CDI.2,5,10 Our data also showed that all
patients with CDI and anterior pituitary dysfunction had
experienced postoperative injury to the hypothalamus-
pituitary, intracranial tumor, or Langerhans cell histiocy-
tosis. Anterior pituitary hormone deficiency was present in
49% of children with idiopathic CDI in the Maghnie’s series.2
This percentage was so high that the researchers did not
find any relationship between this finding and the presence
of a intracranial lesions in children with CDI. However,
similar to other reports, our data suggest an association
between anterior pituitary dysfunction and intracranial
lesions in children with CDI.5,12,13,17,19,20
The present study showed that the leading causes of CDI
in children are intracranial tumor, Langerhans cell histio-
cytosis, and previous operation; this is consistent with the
findings of previous reports in the medical litera-
ture.10,12,21,22 Two patients with holoprosencephaly and CDI
had hyperintense signals in the posterior part of the pitui-
tary gland on MRI. Such findings have been reported in the
literature and dysfunction of osmoregulation has been
proposed as an explanation.23e25
The percentage of children with idiopathic CDI varies
widely and ranges from 6% to 52%.2,5,10,21,22,26,27 With
increasing sensitivity of diagnostic imaging techniques, a
specific etiology can now be established in some patients
with CDI. In the present study, approximately 8% of patients
had idiopathic CDI, which is similar to previous re-
ports.5,21,22 Two patients were initially diagnosed as having
idiopathic CDI, but later proven to have treatable intra-
cranial lesions nine months (one patient) and two years
(one patient) later. Their hypothalamic-pituitary lesions
may have been too small to be detected by MRI at the time
of diagnosis. This is not an uncommon experience and it is
prudent to follow up children with idiopathic CDI regularly
to detect the underlying etiology as early as possible.5,17,19
In conclusion, this study demonstrated the clinical
characteristics of CDI in Taiwanese children. Improving the
awareness of parents and physicians may prevent delays in
diagnosis. Regular follow-up of growth, anterior pituitary
function, and imaging studies are needed to detect evolving
treatable lesions as soon as possible since the underlying
etiology of CDI may be not obvious at diagnosis.
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